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Abstract:
We supposed in the work of the research fractional model with one mechanism, which simplifies to
study the behavior of viscoelastic materials. The original method used in this work is the Laplace
transforms technique and the fractional derivatives theory of the order ( 0 1)α α≤ ≤ . Two cases were
studied: deformation (displacement) imposed, and stresses (forces) imposed. In these two cases all
analytical formulas were calculated by solving the model equations using Laplace transform technique.
To verify the model we studied three applications: 1) Response to constant loads, 2) Response to loads
with Rampe function, 3) Response to periodic loads. This modelisation allowed obtaining the modulus of
relaxation and the modulus of the greep compliance, then the study of deformations and stresses as a
function of time in short and longing ranges and plotting the suitable curves of these charges.
The good concordance between the theoretical results which we obtained from our model and
experiences results for many researchers in this field (domain) of studies, show dearly clearly that our
model in this research is applicable for studding the behavior of viscoelastic materials accurately
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INTRODUCTION:
Rheology is one of the mechanical principles of continuous mediums, where the object is to determine
the stresses and deformation in every point of continuous mediums. Polymers are in general viscoelastic
liquids, have the following two properties visco and elastic, which have two phenomena greep
compliance and relaxation and stresses and normal stresses.
Composite materials are most used, because they have mechanical properties with high quality in
strategic industries because they own two properties rigid and high resistance because they consist of
fiber levels and resin.
So, in this research the relations stress-deformation or deformation speed, are called rheological
behavior relations and they require high level mathematical and complex relations. A lot of researchers
such as [1,2,3,4,5,6,7] studied in different experimental methods the behavior of viscoelastic body and
suggested a range analytical expressions for rheological behavior modeling kinds of polymers and
composite materials. But this modeling has achieved with the help of dielectric diagrams of Col-Col, as
shown in [1,2,3,5,8,9,10,11].
Then the main objective in this research is to study the rheological behavior with fractional modeling
to obtain, using transfer technique, a model studies accurately the behavior of greatest number of material
with a least number of parameters as in Maxwell and Kelvin-Voit models and Zener model.
In this work, we proposed a rheological model consists of a fractional element that studies the
behavior of viscoelastic material. Two cases we took into consideration: imposed deformation
(displacement) and imposed stresses (forces). In these two cases we calculated all analytical relations by
solving the equations of supposed model, using Laplace and inverse Laplace transform.
To verify the model, we treated three applications analytically and numerically:
1-Response to constant loads (Heavisid unit step function in stress).
2- Response to loads as Rampe function.
3- Response to periodical loads.
Concerning the first and second applications, we studied and analyzed variation curves for
deformation and stresses as a function of time. In the third application, we obtained two functions called
transfer functions, which can be applied in studying the properties most of viscoelastic materials. In the
two treated cases, we could obtain modulus of relaxation and modulus of compliance.
Finally; the accuracy between theoretical results and experimental results of a lot of researchers in this
field (domain) such as [12,13,14,15,16,17], so fig. (10) Ensures that our supposed fractional model
applicable in studying the rheological behavior of viscoelastic materials.
I. Calculation of Derivatives for Proposed Model
I.1. General Equations and Position of Problem
In the following in this research, we consider x(t) or ε(t) refer to displacement (linear displacement,
angle displacement and deformation, …) they are variables of system output. F(t) or σ(t) applied on
system input is generalized force (Force, moment and stress, …). We say general speed of α degree is a
fractional derivative of α degree for generalized displacement, we refer to x(α).
If we suppose a system with applied forces proportional with speed of α degree, then the equation of
such system as follows:
1 ( ) ( )tk D x t F t
α
= (1)
We concern in our study for the case 0 1α< < , where the integral of equation (1) converged by
solving it using transfer technique. When α = 0 , the behavior is fully elastic and in this case 1k E=
( E modulus of elasticity), but when α = 1 the behavior is fully viscous, in this case 1k η= modulus of
viscosity. In engineering presentation, we introduce two classical rheology types for the model for
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( 0 , 1)α α α= = . In general case 0 1α≤ ≤ our proposed model with the same mechanism, which will
be introduced at the end of this research.
Two Special cases are important:
1. System input variable for the model is the displacement (or deformation) x(t)
2. System input variable for the model is the force F(t) (or stress σ(t)).
In the first case, we search the generalized force F(t) (system output), and in the second case, we
search the generalized displacement x(t) or deformation ε(t) (system output). In both cases, we obtain the
transfer functions which play important role in studying rheological behavior of material.
In applications of fractional derivative and integration on the materials, researchers are more
interested in the first case.
I.2. The First Special Case, where Displacements are Imposed
In this case, using transfer technique, the relations of fractional derivatives and their integration can
simply be applied and the force F(t) is:
1
1
0
( )
( ) ( )
(1 )
t
t
k d x t
F t k D x t d
d t
α
α
αξ ξ
α ξ
−
= =
Γ −
∫ (2)
For high times t the behavior of material can be given with following relation:
1
1
0
( )
( ) ( )
(1 )t
k d x t
F t k D x t d
d t
α
α
α
ξ ξ
α ξ
∞
−
= =
Γ − ∫ (3)
Using the parity integration on the relation (2), we obtain:
01
1( ) ( ) [ ( , )](1 )
xk
F t
t α
ψ α ξ
α
= +
Γ −
(4)
where 1ψ belongs to parameter α defined by fractional integration.
I.3. The Second Special Case, Where Forces are Imposed:
In this case, after a lot calculation, we obtain the following relation
1
11
0
( ) ( )
( )
tk
x t F t dαξ ξ ξ
α
−
−
= −
Γ ∫ (5)
and for high values of times t the behavior can be given with the following relation :
1
01
1
( ) ( )
( )
x t F t d
k
αξ ξ ξ
α
∞
−
= −
Γ ∫ (6)
With the same method, if F(t) is supposed then x(t), after using the transfer technique with fractional
derivatives, can be given with this relation :
1 0 1( ) ( ) (1/( (1 ) )[ ( , ) ]tx t D F t k t F q u
α α
α α
−
= = Γ + + (7)
or:
1 0 2( ) ( ) (1 /( (1 ) ) [ ( , ) ]tx t D F t k t F q u
α α
α α
−
= = Γ + + (8)
1 2,q q are functions of parameter α  , defined by fractional integrations. The relations (4), (7) introduce.
important interest for rheological behavior of material, when the times t very small as shown [1,2,3,4.5,6]
In this case, we use relation (2) , (6). We remind that our interest basically on case 0 1α< < with taking
into consideration limited values of parameter α ( 0 , 1)α α= = to ensure converge of fractional
integration during the case.
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I.4. Equations without Units of Problem: For simplifying numerical and analytical calculations, we use
changing in basic variables to obtain quantities without unit. For this reason we suppose that:
1
0 0 0 1 0/ , ( ) / , ( ) ( ) / ; / (1 )T t X T x x F T F t f x k F
α
τ τ α
−
= = = = Γ + (9)
In this case, the equation (1) takes the following form:
1 0 0( ) ( / ) ( )TF T k x f D X T
α α
τ= (10)
where τ is special time or average relaxation time, which we call constant of time. Depending on (10),
becomes as follows:
1 0
1
00
1 ( )
( )
(1 )
Tk x d x T
F T d
f d T
α
α α
ξ ξ
τ α ξ−
−
=
Γ − ∫ (11)
or: 1 0
1
00
1 ( )
( )
(1 ) ( )
Tk x d x T
F T d
f d T T
α
α α
ξ
τ α ξ−= Γ − −∫ (12)
and: 1 10 1 0
0
( ) ( / ( ) ( )
T
X T f k x F T dα α
α
τ α ξ ξ ξ− −= Γ −∫ % (13)
or: 1 10 1 0
0
( ) ( / ( )) ( ) ( )
T
X T f k x T F dα α
α
τ α ξ ξ ξ− −= Γ −∫ % (14)
In the following, we introduce applications where system input is an applied force, in this case, we can
calculate variable of system output, and input of the system is three kinds: 1-Response to constant loads.
2- Response to loads of function Rampe. 3- Response to periodical loads.
II. Application of Model and Numerical Results
II.1. The first application: Response to constant load
Practically constant loads can be described as function Heavisid, we denote as H(t):
0( ) ( )F t f H t= (15)
Diagram of loads constant: Function of Heavisid H(t)
By substituting (15) in (13) or (14) and calculating use transfer technique on fractional integrations,
we obtain the following solution without units:
( ) ; /X T T T tα
α
τ= = (16)
or: 10 0 1 0( / ) ( / ) , / (1 )x x t x k F
α α
α
τ τ α
−
= = Γ + (17)
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This relation (16) or (17) gives a curve of variations of deformation with short time, when /T t τ=
from 210− to 1. Relation (17) can be proved and formed in a different way by using the transfer
technique with derivation and fractional integration with Bessel modifies functions and hypergeometrics
functions. Thus the following relation, after calculation very complexes, is resulted:
0 0( / ) ( ) / ( ) ( / , ) ( / ) ; 1/ (1 )x x I t I t t I
α
α α α α
τ ψ τ α τ α= = = = Γ + (18)
I
α
is presented by [16]. In the simple case, where x(t) or ε(t) is proposed, the force F(t) is resulted as:
( , , 1, )
( ) ; /
(1 ) (1 )
G T
F T T tα
α α
α α α
σ τ
α α
+
= = =
Γ − Γ +
(19)
where ( , , 1, )G Tα α α + is hypergeometrics function. In the special case, when
α = 0.5, the relation (19) gives the experimental stress function. This result is matched with [16, 21]:
0.5
0.5 0.5 (2 / ) sin( ) ; /F Arc T T tσ π τ= = = (20)
This result clarifies the generality of our proposed model. Relation (20) is always used in experiments
to study the rheological behavior of the composite materials and polymers in viscoelastic.
It is worth to mention that the greep function and relaxation function play an important role in the
linear viscoelastic theory, since they offer the mechanical properties of body.
According to the previous cases in this research (imposed displacement and imposed forces) we could
obtain both the modulus of relaxation and modulus of greep compliance as following:
1
1 1( , ) ( ) (1 ) , ( , ) ( ) (1 )Y t k t J t k t
α α
α α α α
− −
= Γ − = Γ + (21)
is in accord with [1,2,4,13,16,17,21]. Next the numerical results of displacement variation or deformation
as functions of time is presented by utilizing the without unit relations for different values of α and (t/τ).
In order to have good results in the study of rheology case, it should be noticed here that we can
obtain another analytical relation which allows the study of the material case in high times, by taking
changes (t/τ) from 1 to 2.5. This allows to draw the curves of displacement variations as functions of time
(curves of relaxation). For this purpose, by using:
0
( )
t
D F f tδ τ= − − (22)
in (8) and by calculating 2q , the following relation is resulted :
0( / ) ( / ) (( / ) 1 ) ;x x t t t
α α
α
τ τ τ= − − > (23)
Both of the (17) and (23) relations present variations of displacement as function of time. From the
curves in figure 1 it can be noticed that in t = τ , the body of material undergoes to change, and the
displacement or deformation reduces and ends, after a time, to displacement which is called residual.
In table 1 and 2, the displacement or deformation values are presented as function of time, by applying
relation (17) for the very short (t/τ) and relation (23) for high times. The value of (t/τ) is considered from
0 to 1 of short times and from 1 to 2.5 for high times for different values of parameter α. For α = 0, it is
noticed that at the initial moment displacement or deformation takes a fixed value. For α = 0.1, it is
noticed that displacement increases fast until it reaches the 0.632 value or the 0.632 point, then it
continues increasing slowly to the limits of curve. Point 0.632 is the value X
α
for 210T
α
−
= .For
0.5α = and 210T
α
−
= , X
α
is 0.1 reaches tenth of the final value. On fig. 2, the curves of displacement
or deformation variations are presented for high times for different values of parameter α. On the figure
3, the curves of displacement variations are presented in small times t < τ and high times t > τ. In table 2.
X
α
values calculated as function of time.
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α=1α=0.8α =0.5α =0.1Times
0.010.0251190.10.6329570.01
0.10.1584890.31620.79430.1
0.20.2759460.44720.85130.2
0.30.3816780.54770.88650.3
0.40.480450.63240.912440.4
0.50.5743490.70710.9330.5
0.60.664540.77450.95020.6
0.70.7517590.83660.96490.7
0.80.8365120.89440.97790.8
0.90.9191660.94860.98950.9
11111
Tab. 1: variation of deformation X
α
 in short times
Fig. 1: Curves of deformation X
α
in short times
α =1α =0.8α =0.5α =0.1Times
10.9828730.9049880.3700381.01
10.9207410.732580.21521.1
10.8810850.648230.167071.2
10.8518660.592450.140011.3
10.8284380.550760.121771.4
10.8088130.517630.108341.5
10.7919120.49030.097921.6
10.7770710.467180.08951.7
10.763850.44720.08261.8
10.7519360.42970.076771.9
10.7411010.41420.071772
10.740070.4127570.0713132.01
10.7311730.4003290.0674392.1
10.7220180.3877950.0636382.2
10.7135290.37640.0602742.3
10.705620.3659770.0572742.4
10.6982210.3563940.0545782.5
Tab. 2: variation of deformation X
α
in high times
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Fig. 2 Curves of deformation X
α
in high times Fig. 3 Curves of deformation in short and high times
II.2. Second Application: Response to loads in the form of Rampe Function
Mathematically the function Rampe is a linear forward signal that starts in τ time.
Fig. 4 : function of Rampe
Physically it is the traction experience by proposed transiting speed
( ) ( ) ( )F t t H tτ τ= − − (24)
According to Rampe, the case where τ = 0 is important, according to load, there are two special
values: time and tangent. By using variables without units and using Laplace transfer, the following
solution is obtained:
1
0( / ) ( ) ( / )x x T t
α
α
τ
+
= or 1( )X T T α
α
+
= (25)
(25) can be get by using transfer technique and fractional integration by parity, it is found :
1
0 1 0 1( / ) / ( / )x x I I t
α
α α α
τ
+
+ +
= = (26)
1
1 ( ) / (2 )I t t
α
α
α
+
+
= Γ + is proposed by many scientists in experimental studies [1,2,3,16]. If the input of
system in the form of ramp F(t), there are always delayed errors:
1 1( )e a b a= − (27)
where α is the input tangible, 1 1,a b are the constant of the transfer function.
In this application, the delayed error is:
1 ; 0 1e a ατ α+= < < (28)
The result (28) is in accord with what studied for α = 0. And it is a special case of our general case
[11,16]. In figure 5 , displacement curves as function of parameter and time are presented. It is noticed
that displacement is a given value for F(t) = α t H(t), except in the time t + τ where τ is delayed time
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which equals the constant of time. In the short times T < 10-2, the displacement or deformation curves
start moving very slowly at zero, and this depends on parameter τ. Then it starts increasing fast and all
displacement curves go to endless in a parallel way in high times. Tangents of each curve are:
1 1 0( )/( ) , ( / ) , / ; 1,2,3,..... , 1,2,3,.....j i i i iy y T T y x x T t j iβ τ+ += − − = = = = (29)
where i matches points of tangent touches with curve, and j refers to tangent number of each curve. In
high times, the tangent of each curve has the same value of the tangent value of the original curve 0α = .
For 0 , 1α α= = , our results is in a good accord with what has been obtained by [4,5,6,7,15,16,18]. It
should be noticed that the presented curves in figures 5 and 6 were drawn in short and high times for
values 0 , 0.1 , 0.3 , 0.5 , 1α α α α α= = = = = . In table 3, displacement or deformation values are given in
short times for many values of fractional parameter α.
Times α=0 α=0.1 α=0.3 α=0.5 α=1
0.01 0.01 0.00631 0.002512 0.001 0.0001
0.1 0.1 0.079433 0.050119 0.031623 0.01
0.2 0.2 0.170268 0.123407 0.089443 0.04
0.3 0.3 0.26597 0.209054 0.164317 0.09
0.4 0.4 0.364977 0.303863 0.252982 0.16
0.5 0.5 0.465165 0.406126 0.353553 0.25
0.6 0.6 0.57012 0.51475 0.464758 0.36
0.7 0.7 0.675473 0.628966 0.585662 0.49
0.8 0.8 0.782346 0.748199 0.715542 0.64
Tab. 3: variation of deformation in short times
Fig. 5: Curves of deformation in short times Fig. 6: Curves of deformation in high times
II.3. Third Application: The Response to Periodical loads
We suppose that the system of materials in a periodical load experiment is as following:
0( ) ( ) exp( )F t t f i tσ ω= = (30)
This kind of application (input of system) has a great importance in dynamical fields of the form of
materials in the variable frequencies. In this case, the response to of displacement x(t) or deformation ε(t)
1
1( ) ( ) exp( )
( )
k
x t t i t i
iα α α
ε ω δ
ω
−
= = −
⎛ ⎞⎜ ⎟⎝ ⎠ (31)
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Relation (31) is a dephase displacement according to the input by dephasing angle / 2δ α π= . These
results are accord to [4,10,16,13]. In their experimental studies. It is noticed that the output has the same
frequency as the input and it is the complex form, and its real and imaginary parts are:
1 0 1 0
Re( ) (1/ ) cos( ) , Im( ) (1/ ) sin ( )x k f t x k f tα α
α α
ω ω δ ω ω δ= − = − (32)
In figures 7 and 8 the variation curves of the real and imaginary parts of the dephase displacement by
angle / 2δ α π= are presented for different values of parameter α.
In figure 9, the displacement of both the real and imaginary parts is presented. In table (4) and (5), the
values of the numerical calculations of angle / 2δ α π= from 0 to 2π for different values of parameter
α. The mathematical and numerical analysis which was studied in this research clarifies that our proposed
model is a good applicable for the study of the rheological behavior of viscoelastic materials.
ω t α = 0 α=0.2 α=0.3 α = 0.5 α=0.8 α = 1
0 1 0.951057 0.891007 0.707106 0.309016 0
45 0.707107 0.891007 0.951057 1 0.891006 0.707107
90 0 0.309017 0.45399 0.707107 0.95105 1
135 -0.70717 -0.45399 -0.30902 0 0.45399 0.707107
180 -1 -0.95106 -0.89101 -0.70711 -0.30901 0
225 -0.70711 -0.89101 -0.95101 - 1 -0.891 -0.70711
270 0 -0.30902 -0.45399 -0.70711 -0.85105 -1
315 0.707107 0.45399 0.309017 0 -0.45399 -0.70711
360 1 0.951057 0.891007 0.707107 0.30901 0
Tab. 4: variation of deformation 0 1α≤ ≤ , Part Real ( X
α
)
Fig. 7: Curves of deformation dephase by / 2δ απ= , Real part (Xα)
We refer here to two limited cases which were taken into consideration as a function form of angle δ
(Fig.7,8,9) and they are :1") if 0 0α δ= ⇒ = , in this case the material is solid and completely elastic.
The displacement (deformation) is in a dephase situation with imposed forces or stresses. 2") if
1 / 2α δ π= ⇒ = , the material is Newtonian liquid. The displacement or deformation is in a dephase
situation with force or stress. But when 0 1 0 / 2α δ π< < ⇒ < < , the material is viscoelastic.
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ω t α = 0 α=0.2 α=0.3 α = 0.5 α=0.8 α = 1
0 0 -0.30901 -0.45399 -0.70711 -0.95405 -1
45 0.707107 0.45399 0.309016 0 -0.45399 -0.70711
90 1 0.95105 0.891006 0.707107 0.309016 0
135 0.707107 0.891006 0.951056 1 0.891001 0.707107
180 0 0.30901 0.45399 0.707107 0.95105 1
225 -0.70711 -0.45399 -0.30902 0 0.45399 0.707107
270 -1 -0.95105 -0.89101 -0.70711 -0.30902 0
315 -0.70711 -0.89101 -0.95106 -1 -0.89101 -0.70711
360 0 -0.30902 -0.45399 -0.70711 -0.95106 -1
Tab. 5: variation of deformation 0 1α≤ ≤ , Img. Part (Xα)
Fig. 8: Curves of deformation dephase Fig. 9: Curves of deformation dephase
by / 2δ απ= , Img. Part (Xα) Parts Real (x) and Img(Xα)
This study clarifies that imposed displacement x(t) or deformation ε(t) gives force or stress where
amplitude varies periodically with angle δ according to displacement or deformation. The displacement is
according to the properties of the studied material and its viscosity. δ is the existing dephase between the
imposed displacement (deformation) and force (stress), or between the imposed force (stress) and resulted
displacement (deformation).
III. Col-Col Analysis in Complex Plan
As it was clarified previously, if the input of the system is periodical force (stress)
F(t) = σ(t) or displacement (deformation) x(t) = ε(t), the response is a function which has the same
frequencies as the input. It is clarified in the following solutions:
1
1 0 1 0( ) ( /( ) ) exp( ) , ( ) ( /( ) ) exp( )x t k f i i t i F t k x i i t i
α α
α α
ω ω δ ω ω δ−= − = + (33)
Relation (33) gives the transfer functions:
( , ) (1/ ) exp( ) , ( , ) exp( ) ; / 2m i M iα αω α ω δ ω α ω δ δ απ= − = = (34)
In this case, the relation (33) is like this:
1
1 1( ) ( , ) exp( ) , ( ) ( , ) exp( )x t k m i t F t k M i tα αω α ω ω α ω
−
= = (35)
both of the functions m,M are parametric transfer functions and they are related together in the next
main relation:
( , ) . ( , ) 1m Mω α ω α = (36)
The Parametric equations of ( , ) , ( , )m Mω α ω α both of the functions (34) in complex plans (x,y) ,
(X,Y) are:
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( ) cos , ( ) sin , ( ) cos , ( ) sin− −= = = =x y X Yα α α α
α α α α
ω ω δ ω ω δ ω ω δ ω ω δ (37)
This gives the dephase angle δ in the complex plan (x,y):
( / ) / 2y x tng Arctag y xδ δ α π= ⇒ = = (38)
These transfer functions, give in the complex plan curves called Col - Col curves, which study the
properties of material behavior visco and elastic one under the influence of loads or deformation
(displacement) imposed. These achieved results in our study agree with the results of the researchers in
this domain (field ) theoretical and experimental [1,2,3,4,5,6,10,11,13,21].
IV. Compare our Results with Experimental Results For the Validity of our Fractional Model
A group of scientists studied the rheological of viscoelastic materials in different experimental
methods, and supposed analytical parametrical relations of a number of models, either in a series or
parallel as Maxwell or Voigt or Zener model in order to have enough results to study the variation of
deformation and stress in short and high times, and then to have the relaxation and greep curves of
material. But their studies remained completely experimental, and sometimes borrowed from the
modelisation of dielectric Col-Col curves. Rabotnov [16] suggested analytical expression to study the
behavior of viscoelastic body. However, this study remained within simple case which does not. Offer
enough results to a number of materials which have complex structure, and it is limited within simple
kinds of polymers. Schiessel[4], Vilarmaux[11], Williams[13], Bagley [1,17] and Rabotnov[16]
suggested parametrical expressions by parameters α,β in order to validate their experimental results of
the study of the rheological behavior of materials.
Next, the expressions that scientists suggested to study relaxation and the greep compliance are:
1. Expressions of Schiessel and Williams G., Watts D.C. [4, 13] ; 1 / (1 )Eγ α= Γ −  , 12 / (1 )Eγ α−= Γ + :
1 2( ) exp( ( / ) ) , ( ) ( / ) ( ) ( / ) ( ) ( / ), ,t t t t G t t J t t
α β α αφ τ φ τ γ τ γ τ− −= − = = =
2. Expressions of Villermaux [11]:
( ) exp( ( / )) , ( ) 1 exp( / ))= − = − −E t t E t tτ τ
3. Expressions of Rabotnov [16]:
[ ]0 0( / ) ( / ) ( / ) 1 exp( / ) ( / ) ( / ) exp( / ),= = − − = = −x t t f E t F t t f tτ ε τ τ τ σ τ τ
To make sure that our proposed model is valid in this research in the study of the rheological behavior
of viscoelastic materials, we present in tables 8 , 6 ,7, for comparing,
our results and experimental results which were obtained by the suggested expressions
from [4,11,13,16]. We presented in figures 10, 11, 12 curves of displacement or
deformation variations and stresses as functions of short and high times, for the first application which is
about constant displacements and loads.
times Values of Rabotnov Our model α= 0.3
0.1 0.0951 0.251188
0.2 0.1812 0.38073
0.3 0.2591 0.485593
0.4 0.3296 0.57708
0.5 0.3934 0.659753
0.6 0.4511 0.736022
0.7 0.5034 0.807344
0.8 0.5506 0.87469
0.9 0.5934 0.93874
1 0.6321 1
Tab. 6: variation of deformation, our model α = 0.3 and values of Rabotnov
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Fig. 10: curve of deformations in short times
times schiessel
Our
model. Villermaux Williams
α =0.1 α= 0.1 α =1 α= 0.1
1.1 0.9269 0.215248 0.364373 0.990514
1.2 0.91887 0.167059 0.361172 0.981933
1.3 0.911546 0.140015 0.358228 0.974105
1.4 0.904815 0.121776 0.355503 0.966913
1.5 0.904815 0.108347 0.352967 0.960265
1.6 0.89859 0.099221 0.35059 0.954087
1.7 0.89251 0.089535 0.34836 0.94832
1.8 0.88235 0.082608 0.346268 0.942915
1.9 0.8776 0.07677 0.344283 0.937831
2 0.873112 0.071735 0.342401 0.933033
3 0.83841 0.04435 0.327547 0.895958
4 0.81464 0.032575 0.317049 0.870551
5 0.79665 0.025921 0.308936 0.85134
6 0.78227 0.021612 0.302331 0.835959
7 0.770304 0.018583 0.296765 0.823171
8 0.76008 0.01633 0.291958 0.812252
9 0.75118 0.014587 0.287731 0.802742
10 0.74331 0.013194 0.283959 0.794328
Tab. 7: variation of deformation, our model α = 0.1, Villermaux α = 1,
Williams and Watts α = 0.1, Schiessel α = 0.1, in high times
It is noticed that in high times, numerical values are matched for each value of parameter α, as it was
clarified in table (7) and figure 11.
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Times Very short
Schiessel
α=0.1
Villermaux
α =1
Our model
α =0.1
Our model
α =0.3
Our model
α =0.2
0.010.663220.009950.6309570.2511890.398107
0.020.7108240.019810.6762430.3092490.457305
0.030.7402370.029550.7042260.3492490.495934
0.040.7618420.039210.724780.380730.525305
0.050.7790330.048770.7411340.407090.54928
0.060.7933670.0582350.7547710.4299770.569679
0.070.805690.0676060.7664950.4503280.587515
0.080.8165220.0768830.7767990.4687340.603417
0.090.8261960.086060.7860030.4855930.6178
0.10.834940.095160.7943280.501180.630957
0.20.894870.1812640.8513390.6170.724779
0.30.9319040.259180.8865680.69680.786003
0.40.95910.329670.9124440.75960.832553
0.50.9807450.393460.9330330.81220.87055
0.60.9997450.4511880.95160.85790.90288
0.71.01430.5034140.9649610.89850.931149
0.81.027940.550670.9779320.93520.956352
0.91.040120.593430.9895190.96880.979148
11.051130.63212111
Tab.8: variation of deformation, our model α = 0.1, 0.2, 0.3,
Schiessel α = 0.1and Villermaux α = 1 in short times
Moreover, in very short times, numerical values are matched for each value of parameter α as it was
and clarified in table 8 and figure 12.
Fig. 12: Curve of deformation in short times Fig. 11: Curve of deformation in high
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CONCLUSIOS:
In this research, by using Laplace transfer technique on the fractional derivations and their
integrations, we could study the rheological behavior of viscoelastic materials by finding a model with
one mechanism from a fractional kind. Two special cases were studied: Imposed displacement or
deformation and we calculated the generalized stresses. Imposed force or stresses and we calculated the
generalized displacement or deformations. In these cases, we used three applications for achieving the
validity of the imposed model, and they are: 1) Response to constant loads. 2) Response to Rampe
function. 3) Response to periodical loads. In these three applications we studied behavior variation of
material in short and high times for different values of the fractional parameter α and angle / 2δ α π= , in
return we drew the curves of these variations which are related to deformation. The analytical and
numerical results are obtained in good accord with experimental studies in this domain[1,2,3,4,5,6,11
13,16,17,20,21].
As for the response to the imposed periodical loads, we studied the rheological behavior of material
and we found that the output has the same frequencies of the input, but by a dephase angle / 2δ α π= .
We found that there are two limited cases that should be taken into consideration as functions of angle δ
(figures 7, 8 and 9). These cases are: 1) if 0 0α δ= ⇒ = , material is completely elastic. 2) if
1 /2α δ π= ⇒ = material is Newtonian liquid, and the deformation in periodical case with stress or force.
But when 0 1 0 / 2α δ π< < ⇒ < < , the material is a mixture of viscosity and elasticity which means
viscoelasticity. Our results are in good accord with the experimental results [4,11,13,16].
Finally, the comparison which was presented between our results and the results of researchers in this
domain, clarifies well that the imposed model is applicable in the study of the rheological behavior of
viscoelastic materials.
Geometrical of Classical Models and the our Fractional Model
To one Mechanism
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